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Future weather 
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climate projections. 
 
Weather simulations 
based on the ‘current’ 
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natural climate 
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100 of each 
 
1 Introduction 
 
You have run the UKCP09 Weather Generator (WG), for a 30 year time period, with 100 
probabilistic samples, at a daily time step, and you now have a selection of WG outputs. 
Each run (there are 100) contains a 30-year time series for a set of weather variables as 
depicted in figure 1.  Each WG output contains 100 future climate weather simulations, 
and 100 ‘current’ (baseline) climate weather simulations as shown in figure 2.  Clearly, 
processing these files to investigate a particular weather event that a user might be 
interested in (e.g. how often the temperature exceeds 36°c in the future weather 
simulations and how this compares with the ‘current’ or baseline (1961–1995) climate, is 
a non-trivial task.  It is in recognition of this fact that the UKCP09 Threshold Detector 
(TD) has been developed.  How to use the TD is described in section 3. However, before 
using the TD it is important for users to understand the terminology used in setting up a 
TD job. 
 
 
Figure 1. Illustrative depiction of a 30-year time series of multiple weather variables. 
 
Figure 2. 100 future and ‘current’ climate weather simulations. 
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1.1 Threshold Detector Terminology  
 
The name Threshold Detector was agreed early on in the project but this manual does not 
discuss the concept of a threshold. It may be more useful to think of this tool as an Event 
Counter. The terminology discussed in this document uses the terms Weather Condition 
and Events. Weather condition is defined as follows: 
 
 
Weather Condition 
A weather condition is the state of the weather defined by one or two weather variables 
specified as being either less than and/or greater than a given value. The variable(s) can 
also be specified as being within a given range defined by two chosen values (see section 
2 for more on the capabilities of the TD). Some example weather conditions are shown 
below: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The TD allows one or two meteorological variables to be defined within a single event. 
 
 
Event 
An event describes the temporal duration of the weather condition, in days.  A weather 
condition can last or occur for a fixed (exact) number of days, these are referred to as 
fixed length events; or for greater than a fixed number of days, these are referred to as 
varied length events.  The weather conditions shown above are turned into events by 
adding the duration in the examples below. 
 
1. 
 
2. 
 
3. Mean temp                                          and  
is between 
 and  
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for exactly 
Max. Temp. 
Max. Temp. Rainfall 
Mean Temp. 
for more than 
for exactly 
 
 
 
 
 
 
 
 
 
This Fixed Length Event might be useful for railway managers as rails are liable 
to buckle above 36°c. Setting the fixed length as one day, records a count of 
days when maximum temperature is greater than 36 degrees C, per temporal 
average. We would expect to see the counts of this event peaking in the June, 
July, and August months (JJA, or summer months). 
 
 
1b. Fixed Length Event  
 
 
 
 
 
 
 
 
 
 
 
This fixed length event represents conditions when roads might need to be gritted 
in winter.  The outputs will not include the exceedence, as a range is used in the 
condition definition (for more details see section 4.1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This Varied Length Event represents a sustained period of very hot and dry 
weather. The outputs (described in section 4.1) will include the lengths of each 
event, as well as the total number of counts per temporal average. 
 
 
 
 
 
1a. Fixed Length Event 
 
 
 
2. Varied Length Event 
         and  
 is between                                         
 and  
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Max. Temp. Rainfall 
for exactly 
followed by… 
Rainfall 
for exactly 
Events are further categorised as Simple Events and Complex Events which are defined 
as: 
 
Simple Event 
A simple event is an event defined by one weather condition and a single duration.  All 
the above examples are simple events. 
 
 
Complex Event 
A complex event is one where two simple events are combined such that the first event is 
subsequently followed by the second, with the constraint that each simple event must be a 
fixed length event. The outputs for a complex event record a count of each event length 
(up to the maximum duration), and does not record exceedence of the event. The reason 
for not recording exceedence in complex events is that a given variable can be defined 
against less than and greater than threshold. A typical example of a complex event would 
be: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This complex event would characterise a fortnight of hot dry weather followed by 
very heavy rainfall.  
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2 Capabilities and limitations of the TD 
 
2.1 Constraints on WG jobs 
In order to run the UKCP09 TD the WG must have been configured with the following 
limitations: 
 
 
 
 
 
 
Note that the 100 samples can be derived from the following methods available from the 
UI: 
1. Randomly sampling 100 samples. 
2. Providing 100 model variant IDs (input via a web form or uploaded from a 
text file). 
3. Sub-sampling the 10,000 samples by 2 variable/temporal average/percentile 
combinations. Each subset returns 10% of the original population so sub-
sampling twice provides 100 samples. 
 
2.2 Weather condition limitations 
Each weather condition can only be defined using up to two weather variables (using a 
logical AND rule, such that the combination of weather conditions is investigated, e.g. 
hot and wet, cold and dry). This constraint of two weather variables is applied to avoid 
the user defining highly specific conditions that depend heavily on the inter-correlations 
between simulated future variables. 
 
Each weather variable can be detected when compared to one of the following rules: 
• Greater than a specified value 
• Less than a specified value 
• Within a specified range of values 
 
The following WG output variables can be used to define events when setting up a TD 
run: 
 
 
 
 
 
 
 
 
 
 
Note that mean temperature is not provided as an output variable from the WG. It is in 
fact calculated from the following formula: 
 
Mean Temp. = (Max. Temp. + Min. Temp.) / 2 
• Frequency: daily  
• Duration: 30 years 
• Number of probabilistic samples (or model variants): 100 
 
• Rainfall 
• Maximum Temperature 
• Minimum Temperature 
• Mean Temperature 
• Vapour Pressure 
• Relative humidity 
• Sunshine  
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2.3 Maximum event length limitations 
 
The maximum duration that a TD event can last for is hard-coded as 15 days. This is the 
total duration. In the case of a complex event the sum of the durations of the two simple 
events must be less than or equal to 15 days. 
 
Maximum event length for varied length events 
If a varied length event runs over the 15 days then the additional days start counting 
towards a new event. For example: 
 
If a varied length event with a duration of 3 or more days is found to be occurring for 
19 consecutive days then 2 events will be recorded (with lengths of 15 and 4). If the 
conditions are only detected for 17 days then only one event is recorded (with length 
15) as the 2 subsequent days are not long enough to trigger the second event. 
 
Maximum event length for fixed length events 
If a fixed length event goes over its total duration then the additional days count towards 
a new event. For example: 
 
If a fixed length event with duration 8 is found to be occurring for 16 days then two 
events are recorded. However, if the conditions are only detected for 14 days only 
one event is recorded. 
 
 
2.4 Information about how the TD records events 
 
The TD has no intelligence about the time of year. Users should be aware of the 
following characteristics of the TD: 
 
1. Events can cross monthly, seasonal, and annual boundaries. 
2. The TD stores events in the month that the majority of the event occurred 
within or that was most central to the event. 
3. If an event occurred equally across two months it is counted in the second 
month. 
4. The TD defines its seasons as DJF (winter), MAM (spring), JJA (summer), 
SON (autumn). Users wishing to use different seasonal definitions can 
potentially create their own seasonal counts by summing the output for the 
required months using appropriate software. 
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2.5 Limitations of the TD 
 
Many events that users may want to detect are beyond the scope of the TD. This section 
explains these events. 
 
Events with spatial characteristics 
As the WG outputs are provided for a single (aggregated) location there is no 
provision for detecting events with spatial characteristics. 
 
Events with sophisticated temporal characteristics 
The TD provides simple counts and exceedence values. Some events are defined 
by more complex temporal characteristics. An example which cannot be 
modelled by the TD is identifying the onset of Spring 
 
Overlapping events 
The TD only records one event at a time. It therefore has no ability to identify 
overlaps between events. 
 
 
2.6 Why do all exceedences not get recorded? 
 
When a condition is defined with a range rather than a greater than or less than rule then 
exceedence is not available in the outputs. This is because the range can be exceeded both 
positively and negatively. A positive exceedence of 5 added to a negative exceedence of 
5 would result in a cumulative exceedence of 0, and the result is meaningless. 
 
 
2.7 Data download limitations 
 
The graphics page of the UI usually allows the download of the underlying data to a plot.  
In the case of TD visualisations the underlying summary data is already available as part 
of the main outputs so the “Save Data As..” option has been disabled. 
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3 How to Use the Threshold Detector 
 
3.1 General Approach 
 
The following steps describe the general approach to running the threshold detector.  
Particular worked examples of running a pre-defined, and user-defined jobs and the 
various types of event and rules that can be configured, are described in worked examples 
in section 3.4. 
 
1. Having run a weather generator (WG) job, from the Jobs page of the UKCP09 
User Interface (UI), find the particular WG job you are interested in, it will say 
Run Threshold Detector in the usage options column, as illustrated in figure 3: 
 
 
 
Figure 3.  An example showing the Jobs page in the UKCP09 User Interface and 
illustrating the first step in running a threshold detector job. 
 
2. Clicking on the link Run Threshold Detector on the Jobs page, will bring you to 
the main Threshold Detector page, where the various different options available 
can be selected.  By default the “Use a pre-defined threshold” is selected, as 
illustrated in figure 4 below: 
 
 
Job description 
column from 
where jobs can 
be identified 
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Figure 4. The Threshold Detector start page, from where a user can select a pre-defined 
threshold, or define their own, and provide descriptive text for the particular TD job. 
 
 
3. Having defined a threshold by clicking the appropriate radio button, and 
specifying any other criteria, you may like to provide some descriptive text in the 
Request Description box, such that you can easily identify a particular TD job 
from the Jobs page, as illustrated in figure 3 above.   
4. Once this is done, select the file output format required, as either .csv or CF-
netCDF.  Now you can submit the job by clicking the Submit button. 
5. Once the Submit button has been clicked you will be presented with the page 
shown in figure 5, asking you to confirm your submission, and an estimate of 
the time to run the job is provided. 
 
 
 
 
Figure 5.  The TD submission page, clicking Submit will result in the job being run. 
 
6. Once the job has been submitted, you will be forwarded to the Jobs page of the 
UI, and the progress of the TD job submitted will update in the left hand column 
and main frame of the UI, as illustrated in figure 6 below: 
Select this radio button to 
define your own threshold 
Use a pre-defined 
threshold by selecting 
one of these radio 
buttons 
Provide some descriptive text here to 
enable easy identification of TD jobs, 
on the Jobs page of the UI 
Click this button 
to submit the job 
Select the 
output file 
format 
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Figure 6.  Progress of the TD job, displayed in the left hand column and main frame of 
the Jobs page on the UI. 
 
7. Once the job is completed, the job will appear in the Jobs page, with the 
description you gave the job (if any).  It is now possible to download the data and 
visualise the outputs. 
8. To download the outputs (for more information on the file structure and contents 
of the outputs see section 4.1), click on the Job Description link that relates to the 
particular TD job of interest.  Doing so will open a new window which provides a 
summary of the files that are contained in the zip file that can be downloaded 
from the link provided in the window, as shown in figure 7 below. 
 
 
  
Figure 7.  Downloading the TD data. 
 
Clicking this link will 
download the data as a .zip 
file 
Summary of the files that 
will be in the downloaded 
.zip file 
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9. To visualise the outputs click the Visualise Threshold Detector Output link in the 
Usage Options column of the main Jobs page (see figure 6), and you will be taken 
to the Viewing and Modifying your output page illustrated below in figure 8.  By 
default, the results are presented as seasonal outputs (for more information on the 
visualisation of results see section 4.2). 
 
 
 
 
Figure 8. Viewing and modifying graphical output from the TD, in the UKCP09 UI. 
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1. Heating degree days: defined as the number of days when mean daily 
temperature is below 15.5°c, and as such, some form of heating would be 
required. 
2. Cooling degree days: defined as the number of days when mean daily 
temperature is above 22°c, and as such, some form of cooling would be 
required. 
3. Heat wave: defined by conditions when maximum daily temperature is greater 
than 30oc and minimum daily temperature is greater than 15 0C, for a minimum 
of three consecutive days. 
 
3.2 Running a pre-defined threshold 
 
The UKCP09 Threshold Detector provides three pre-defined thresholds that can be 
investigated, these are: 
 
Running the TD for one of these pre-defined thresholds is straightforward, and is 
achieved by following these steps: 
 
1. From the main threshold detector page, make sure the pre-defined threshold radio 
button is selected, and then select one of the pre-defined thresholds, by clicking the 
appropriate radio button, as illustrated in figure 9 below. 
2. Having selected a threshold, you can then optionally provide a descriptive name for 
the job so that it can be easily identified in your Jobs page on the UI. 
3. Then select the output file format for the data, the options are .csv and CF-netCDF.  
Having selected the desired output format click submit. 
4. You will then be asked to confirm the submission, as illustrated in figure 5 above.  
Doing so will run the job and you will be forwarded to the main jobs page of the UI, 
and the progress of the TD job will be updated. 
5. Once the job has finished processing, you will be able to download the data, and 
visualise the outputs as described in section 4.1 and 4.2, respectively. 
 
 
 
 
 
 
 
Figure 9.  Running a pre-defined threshold detector job. 
Ensure the pre-defined radio button is selected, 
and then select the desired threshold radio 
button, here, the Heating Degree Days button. 
Provide a description of 
the particular request 
Select the 
output file 
format 
Click submit 
to submit the 
job 
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3.3 Running a user-defined threshold 
 
While the pre-defined thresholds are useful, the TD also provides the functionality to 
define your own thresholds that are of particular interest for your application.  Using the 
user-defined option, both simple and complex events can be defined, and the following 
sections will outline how to set up these jobs. 
 
Running a user-defined threshold: simple event general approach 
 
1. From the main Threshold Detector page, click the radio button that says “Define your 
own threshold”, and the options illustrated in figure 10 below, will be presented. 
2. A simple event (where one or two weather variables are defined, for a single duration 
(of either fixed or varied length)), is then constructed by selecting a variable(s) from 
the drop-down box, specifying what the value of the threshold is and the rule to use - 
either to be less than, less than or equal to, greater than, greater than or equal to, or 
within a range, in the appropriate boxes (see the worked examples for more 
information on how to construct specific jobs). 
3. Next, specify the duration of the event, by selecting from the drop down boxes either 
exactly or a minimum of, and then specifying the number of days (maximum of 15 
allowed). 
4. Then provide a description for the request you have built so that it can be easily 
identified on the Jobs page of the UI. 
5. Select the output file format required, and then click submit.  
6. You will then be asked to confirm the submission, as illustrated in figure 5 above.  
Doing so will run the job and you will be forwarded to the main jobs page of the UI, 
and the progress of the TD job will be updated. 
7. Once the job has finished processing, you will be able to download the data, and 
visualise the outputs as described in section 4.1 and 4.2, respectively. 
 
 
 
 
Figure 10. Defining your own threshold, in this case for a simple event. 
 
Select one or 
two variables 
from the 
drop-down 
list that you 
  
 
Provide a description 
of the particular 
 Select the 
output file 
 
Click 
submit to 
  
 
Specify the duration of the event using the 
d  d  b  
Specify the threshold value(s) in the 
i t  b  
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Running a user-defined threshold: complex event general approach 
 
A complex event is defined as the combination of two simple events with the constraint 
that each simple event is of fixed duration, and the sum of the durations is not greater 
than 15 days.  To run a complex event, follow steps 1 through 3 as for defining a simple 
event in section 3.3.1 above, and then do the following: 
 
1. Having set up the first simple event, now click on the link that reads 
 Define a second weather condition that follows the first, as illustrated in figure 11 
below: 
 
 
 
 
 
 
Figure 11.  Screenshot of the threshold detector on the UKCP09 User Interface, 
illustrating the link to click to be able to define a complex event in the threshold detector. 
 
2. Upon clicking the link, a second dialogue box will open allowing you to define a 
second simple event (of fixed duration), in the same way as the first, as illustrated 
in figure 12. 
3. Then provide a description for the request you have built so that it can be easily 
identified on the Jobs page of the UI. 
4. Select the output file format required, and then click submit.  
5. You will then be asked to confirm the submission, as illustrated in figure 5 above.  
Doing so will run the job and you will be forwarded to the main jobs page of the 
UI, and the progress of the TD job will be updated. 
6. Once the job has finished processing, you will be able to download the data, and 
visualise the outputs as described in section 4.1 and 4.2, respectively. 
 
 
 
Click this link to open up the dialogue box for 
constructing a complex event 
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Figure 12.  The second dialogue box that is opened, allowing a complex event to be built. 
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3.2 Worked examples 
 
Having dealt with the general approach to setting up a threshold detector request, a series 
of worked examples are now presented designed to help users obtain a greater 
appreciation of the exact workings of particular simple, and complex event, requests. 
 
 
Simple event worked example: rail lines buckling 
 
When the maximum daily temperature exceeds 36°c for exactly one day (a fixed length 
event), it is known that rail lines are liable to buckle.  The threshold detector could be 
used to investigate the future occurrence of such events, as illustrated in figure 13 below. 
 
 
 
 
 
 
 
Figure 13. Rail lines buckling, simple event set up. 
 
Variable is selected Threshold and rule is defined 
Duration is defined, as exactly 
one day 
Description of the request is 
supplied and .csv output is 
requested, the job can now be 
submitted 
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Simple event worked example: crop irrigation demand 
 
When there has been a period of prolonged dryness, combined with high temperatures a 
farmer may need to implement some kind of irrigation, to ensure a healthy yield at 
harvest.  These conditions can be specified and changes in the likely need for irrigation in 
the future, can be investigated e.g. rainfall less than 0.1 mm and maximum temperature 
greater than 30°c, for a minimum of five consecutive days (a varied length event).  This 
example is illustrated in figure 14 below. 
 
 
 
 
 
 
 
Figure 14.  Crop irrigation worked example, another simple event in the threshold 
detector. 
 
 
 
 
Description of the request is 
supplied and .csv output is 
requested, the job can now be 
submitted 
Thresholds and rules are defined 
Variables selected 
Duration is defined, as a 
minimum of 5 days 
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Simple event worked example: gritting roads 
 
In order to maintain safe driving conditions, local authorities may know that when the 
mean daily temperature is between say -5°c and 5°c for exactly one day, they need to 
send out vehicles to grit the roads.  The TD can be used to investigate how the occurrence 
of these events might change in the future, as illustrated in figure 15 below.  This is an 
example of using the threshold detector to investigate conditions within a range (inclusive 
range). 
 
 
 
 
 
 
 
Figure 15. Road gritting event conditions.  Note the sign issue when defining the range, 
to specify an inclusive range, the smaller number (-5), is given in the greater than box, as 
a number greater than -5 is -4, -3, -2 etc. 
 
 
 
 
 
 
 
 
 
 
 
 
Variable selected 
Duration is defined, as exactly 
one day 
Threshold and rule are defined Description of the request is 
supplied and .csv output is 
requested, the job can now be 
submitted 
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Complex event worked example: flash flooding 
 
The occurrence of some natural phenomena are closely related to antecedent conditions, 
such as flash flooding events, which often arise as a result of a prolonged period of 
dryness, and warm temperatures, followed by a very intense rainfall event.  Prolonged 
dry spells will result in the soil becoming dry and hard, such that subsequent intense 
rainfall is unable to infiltrate the hard ground quickly enough, and thus water drains off 
the land surface rather than through the soil, thus contributing to flash flooding events.  
Such combinations of weather conditions can be investigated with the threshold detector 
to investigate possible changes to the occurrence of such combinations of events in the 
future e.g. precipitation less than 0.1 mm/day and daily maximum temperature greater 
than 25°c for exactly 14 days, followed by one day of precipitation of 40mm/day.  This is 
illustrated in figure 16 below: 
 
 
 
 
 
 
 
 
Figure 16.  Complex event configuration in the threshold detector, in this case representing 
conditions that might relate to episodes of flash flooding.  Note that the sum of the durations for 
the complex event cannot be greater than 15 days. 
 
 
 
 
 
 
Simple event 
Simple event 
Complex event Duration set to a fixed 
number of days, the 
sum of which is not 
greater than 15 
Thresholds and rules are defined 
Variables selected 
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4 Threshold Detector Outputs  
 
Having run the threshold detector it is possible to download the data, and visualise the 
results.  
 
4.1 Data outputs and file structures 
 
Having run the threshold detector, the data can be downloaded by clicking on the name of 
the job in the Jobs page of the User Interface, and downloading the data as illustrated in 
figure 7, a .zip archive file will be downloaded. 
 
4.1.1 .zip archive file contents  
 
The .zip archive file contains seven text files, described in table 1 below.  Depending on 
how the TD job was set up, and the output file format requested, the files that will be 
downloaded will either contain files with the .csv file extensions if the comma separated 
values file option was selected; or files with extension .nc if the CF-netCDF option was 
selected.  Only the .csv file structure is described in this document. 
 
Table 1.  Description and contents of the files in the .zip archive downloaded from the threshold 
detector. 
 
File Description  
copyright.txt This file contains the copyright declaration that 
relates to UKCP09 outputs. 
metadata.xml This file contains details of some of the request 
parameters, such as the conditions specified, 
duration, and data output format. 
source_wg_job_metdata.xml This file contains details of the parameters that were 
used in defining the original weather generator job, 
that the threshold detector has been run on, e.g. time 
period, emissions scenario. 
ukcp_output_baseline_output.csv  
(.nc if CF-netCDF was selected) 
This file contains outputs that relate to each of the 
100 simulations or runs with the weather generator 
for the baseline period.  The structure of these files 
is described in section 4.1.4 below. 
ukcp_output_baseline_summary_stats.csv 
(.nc) 
This file contains summary statistics for the baseline 
period, relating to the 30 year time period for which 
the weather generator has been run.  These summary 
statistics files are described in more detail in section 
4.1.3 below. 
ukcp_output_future_output.csv (.nc) This file contains outputs that relate to each of the 
100 simulations or runs with the weather generator 
for the future time period.  The structure of these 
files is described in section 4.1.4 below. 
ukcp_output_future_summary_stats.csv (.nc) This file contains summary statistics for the future 
time period, relating to the 30 year time period for 
which the weather generator has been run.  These 
summary statistics files are described in more detail 
in section 4.1.3 below. 
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4.1.2 Comma separated values (.csv) file structure 
 
All of the comma separated values (.csv) files are structured in the same way.  They 
consist of a header (or metadata) containing a variable number of lines, with details of 
how the data were generated (threshold event investigated, weather conditions etc).  This 
header describes the way in which the data is structured, and the various variables 
contained in the file.  The header is then followed by a data section which contains the 
actual data from the threshold detector analysis.  This structure is illustrated in figure 17.  
Whilst there are differences in the way the data section is structured between the different 
files (summary statistics and output file), the header structure is consistent between 
output types (though clearly the number and names of the variables described will vary).  
Differences between the data sections of the summary statistics and output files are 
described in section 4.1.3 and 4.1.4 below. 
 
 
 
Figure 17.  A csv file opened in a spreadsheet software package, illustrating the main structure 
of the files that can be downloaded from the threshold detector. 
 
Both the summary statistics and the future and baseline output files will contain various 
statistics relating to the number of days when the threshold event was exceeded (a 
count of the number of threshold events) and the amount that the threshold (or 
weather condition) is exceeded (expressed in units of the particular variable of interest). 
 
For each file (both the summary statistics file, and output file), the statistics are presented 
for each of the 17 meaning periods, which are: 
 
• The twelve calendar months of the year: January, February, March, April, May, 
June, July, August, September, October, November, December. 
• The four seasons: winter (composed of December, January, February (DJF)), 
spring (March, April, May (MAM)), summer (June, July, August (JJA)), and 
autumn (September, October, November (SON)). 
• Annually. 
Header information 
Start of data section 
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4.1.3 Standard output file details 
 
 
 
Figure 21 Example summary output file (ukcp_output_future_output.csv) 
 
The output file (for both the baseline and future), contains information relating to the 
total and average number of counts of the particular threshold event, and the total and 
average exceedence of that threshold (or weather condition(s)). In contrast to the 
summary statistics file, the output files contain information relating to each individual 
simulation (there will be 100), as illustrated in figure 19 below. 
 
In the example in figure 19 below, a threshold event was defined as maximum 
temperature greater than 25°c and minimum temperature greater than 12°c for exactly 
three days.  With reference to figure 19, we can see that in the first simulation (ID of 0), 
the incidence of such events only occurred in the months April through to October, with a 
peak of 279 in July.  This number relates to the total number in July over that 30 year 
period, such that with reference to column 4 of the data, we can see that there were on 
average 9.3 such events in July of this 30 year time period (which is calculated as 279/30 
as there are 30 years of data).  This means that this event would occur on average 9.3 
times in July of the future climate simulated by the weather generator.  Similar values are 
provided for the seasons and an annual value, the seasons are the averages of the monthly 
averages for that season, and the annual figure is a sum of the seasonal numbers. 
 
The total exceedence of the threshold event (or weather condition) is reported in column 
2 of the data.  In the case illustrated in figure 19, this is the total exceedence of maximum 
temperature above 25°c, and in column 3 the total exceedence of minimum temperature 
above 12°c.  These values are the total amount above the threshold, so if the maximum 
temperature on one particular day was 29°c then the exceedence for that day would be 
4°c (29-25), which, summing for all days in a month for the 30 year period gives the total 
exceedence.  Columns 5 and 6 of the data report the average exceedence of each weather 
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condition, which is simply the total exceedence divided by 30.  A non-zero exceedence is 
only reported when an event has been detected.  So, for example, in July of simulation ID 
0, the total exceedence of maximum temperature greater than 25°c, is 4903.620°c, which 
translates into an average of 163.454°c for July in the future climate simulated by the 
weather generator. This information might be useful because every degree above of 
exceedence requires a certain amount of resource to offset. 
 
Again, it should be noted that when a range condition (e.g. between 5 and -5 degrees) has 
been specified in the threshold detector, the exceedence won’t be recorded in the output 
file.  This is because the threshold can be exceeded both positively and negatively, e.g. a 
positive exceedence of 5 added to a negative exceedence of 5 would result in a 
cumulative exceedence of 0, and the result would be meaningless. 
The UKCP09 Threshold Detector Manual: Version 1.2.0 
26 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 19.  Example of the structure of the data section of the output .csv files, 
containing information relating to the counts and exceedence of the threshold event for 
each of the 100 simulations from the weather generator.  The header part of the .csv file 
will describe what each of the variables is. 
 
Simulation ID which 
will run from 0-99 
(for 100 simulations) 
Number of meaning periods in the record 
is 17 (12 months, 4 seasons, 1 annual) 
Meaning 
period 
Total 
number of 
event 
counts 
Total exceedence of 
weather condition 1 
Average 
exceedence of 
weather condition 
 
Average 
number of 
event counts 
Average exceedence of 
weather condition 2 
Total exceedence of 
weather condition 2 
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4.1.4 Summary statistics details 
 
The summary statistics data contains information on the mean, minimum, maximum, 
standard deviation and standard error of the number of counts of the particular 
threshold event, and the exceedence of that threshold (or weather condition), in the 30 
year period for which the weather generator has been run.  This data section structure is 
illustrated in figure 18.   
 
It should be noted that when a range condition (e.g. between 5 and -5 degrees) has been 
specified in the threshold detector, the exceedence won’t be recorded in the summary 
statistics file.  This is because the threshold can be exceeded both positively and 
negatively, e.g. a positive exceedence of 5 added to a negative exceedence of 5 would 
result in a cumulative exceedence of 0, and the result would be meaningless. 
 
 
 
Figure 18.  Example of summary statistics file opened in a spreadsheet software package. 
  
The threshold detector allows users to define a threshold for either “an exact number of 
days” or a “minimum number of days”. The former is classified as a fixed length event 
and the latter as a varied length event. The next two sections refer to the output file 
received when a user specifies a) a fixed length event and b) a varied length event.  
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4.1.4.1 Fixed length events  
 
Example weather condition: 
Maximum temperature > 30° for exactly 2 days 
These statistics are taken from the 100 files of 30 years of daily data produced by the 
weather generator.   
 
 
Figure 19 Example of summary statistics showing fixed length events 
 
For fixed length events, the summary statistics are provided for the (i) average number 
of event counts and (ii) the average exceedences of any meteorological variables that 
have been recorded in the main TD output files. For any average exceedence recorded in 
the standard TD output files there will be a set of summary statistics. The resulting 
column order in a fixed length event file will therefore be: 
 
Column A “Data section”  
Column B Meaning period  
Columns C - G Summary statistics for average 
number of counts (per-year) 
 
Columns H – L Summary statistics for average 
exceedence of variable 1 (per-year) 
[Will only appear if recorded 
in main TD outputs] 
Columns M – Q Summary statistics for average 
exceedence of variable 2 (per-year) 
as for those in columns H-L 
[Will only appear if recorded 
in main TD outputs] 
Columns R – V Summary statistics for average 
exceedence of variable 3 (per-year) 
as for those in columns H-L 
[Will only appear if recorded 
in main TD outputs] 
Columns W – AA Summary statistics for average 
exceedence of variable 4 (per-year) 
as for those in columns H-L 
[Will only appear if recorded 
in main TD outputs] 
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Note that all the summary statistics for a fixed length event (both for average number 
of counts and average exceedence of a variable) have been calculated from averages 
derived by dividing the total number of counts over 30 years by 30. This means that they 
should all be treated as per-year values. 
 
4.1.4.2   Varied length events  
 
Example weather condition: 
Maximum temperature > 30.9 and minimum temperature >15.9 for event lasting a 
minimum of 5 days. 
 
 
Figure 20 Example summary output file (ukcp_output_future_summary_stats.csv) 
 
For varied length events, the summary statistics are provided for the (i) average number 
of event counts (as described above) and (ii) the average number of event counts for each 
event duration (from the minimum length specified to the maximum event length of 15 
days). 
 
The resulting column order in a varied length event summary statistics file will therefore 
be: 
Column A:  “Data section”  
Column B:  Meaning period  
Columns C - G:  Summary statistics for average 
number of counts (per-year) 
 
Columns H – L:  Summary statistics for counts of 
events lasting exactly the minimum 
length specified (per 30-years) 
 
Further columns (in 
groups of 5) 
Summary statistics for counts of 
events lasting exactly each 
duration up to the maximum event 
length (per 30-years) 
[Calculated for each duration 
increasing from the minimum 
length by 1 until the maximum 
length (15 days). If the 
minimum length was defined as 
15 days then only columns H – 
L will be populated.] 
The UKCP09 Threshold Detector Manual: Version 1.2.0 
30 
Note that columns C – G in the summary statistics (average number of counts) for a 
varied length event have been calculated from averages derived by dividing the total 
number of counts over the 30- year period by 30. This means that these values should be 
treated as per-year values. The summary statistics in columns H onwards (counts of 
events lasting the minimum length specified) have been calculated from the total number 
of counts over thirty years. The content of these columns depends on (i) the event type 
and (ii) the conditions defined for that event. Values in columns H onwards should be 
treated as values per 30-year duration.  
 
 
4.1.5 How the outputs and summary statistics are calculated 
 
This section looks in detail at the method for calculating the output files and summary 
statistics files for both fixed length and varied length events. 
 
1. Since there are 100 WG runs the TD records an array of 100 average values for each 
month, season and annual counts. There are 12 months, 4 seasons and 1 annual value 
so the resulting data structure is a 2-dimensional matrix of shape 17 meaning periods 
x 100 runs. The TD treats each of the 17 meaning periods individually when 
calculating the summary statistics. 
 
2. The contents of the standard output files are calculated as follows: 
•     For each individual WG run (and for the baseline and future period), the total 
number of threshold events that are recorded in each month/season/year is 
summed. These values are recorded in the standard TD output files, in column 
C (Total number of event counts during 30 year period). 
 
•     For each individual run, the average number of events per-year is calculated by 
dividing the total (from column C) by 30. These values are recorded in the 
standard TD output files, in column E (Average number of event counts 
during 30 year period).  
 
3. The contents of the summary statistics files are calculated as follows: 
Columns C – G is entirely calculated from the 100 averages (see point 1).  
 
a.   The mean (reported in column C of the summary statistics file) is calculated by 
summing all 100 average values (for one meaning period) and dividing by 100. 
The mean corresponds to the “mean of the average event counts per-year” 
for that event. 
 
b.   The minimum value (reported in column D of the summary statistics file) is 
simply the lowest value in the average 100 values (for one meaning period).  
 
c.   The maximum value (reported in column E of the summary statistics file) is the 
highest value in the average 100 values (for one meaning period).  
 
d.   The standard deviation (reported in column F of the summary statistics file) is 
calculated from the average 100 values using the formula: 
 
 
 
      Where  are the observed values of the sample items and  is the 
mean value of these observations. 
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e.   The standard error (reported in column G of the summary statistics file) is 
calculated from the 100 average values using the formula: 
 
 
 
       Where SE 
 
 is the standard error, s is the standard deviation and n is the total 
number of samples. In this case there are 100 WG runs so that square root of n is 
always 10. Hence the standard error value will always equal that standard 
deviation divided by 10. 
The remaining content of the summary statistics file depends on whether the TD has 
recorded a fixed length event or a varied length event.  
 
4.1.6 Interpretation of TD outputs 
 
This section highlights issues that should be noted when interpreting the outputs from the 
TD. The following issues are covered: 
 
• An explanation of why there can be more total counts of 15-day events than 
counts of events with a shorter duration 
• An explanation of why the maximum of the average seasonal event counts may 
not equal the summed maxima of the average monthly counts (in the summary 
statistics outputs) 
4.1.6.1 An explanation of why there can be more total counts of 15-day events 
than counts of events with a shorter duration 
 
The TD has an enforced maximum event length of 15 days. When interpreting the results 
of varied length events the TD records the total event counts of each duration from the 
minimum duration (set when the job is configured) up to 15 days. In the case of a 
minimum event length of 6 days the TD would record counts of events lasting 6, 7, 8, 9, 
10, 11, 12, 13, 14 and 15 days. 
 
In most cases the number of events lasting the shortest durations is higher than the 
number of events lasting longer durations. Typically, the number of counts tails off 
towards the 15-day duration. However, in some cases there is a sudden increase at the 15-
day maximum duration. The reason for this is explained below. 
 
Here is an example set of counts of occurrences of drought events in the month of March: 
 
 6 days: 10 
 7 days:  8 
 8 days:  7 
 9 days:  8 
10 days:  6 
11 days:  4 
12 days:  3 
13 days:  2 
14 days:  1 
15 days:  4 
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For comparison, it is easier to view these as a simple list: 
 
10, 8, 7, 8, 6, 6, 3, 2, 1, 4 
 
There are clearly more events recorded of shorter length and this is physically realistic. 
However, when the TD gets to the 15-day event there is a sudden increase. This looks 
unrealistic until we understand that the increase is an artefact created by the limiting the 
maximum event length.  
 
The complete set of counts, with no maximum event length, would actually be as follows: 
 
 6 days: 10 
 7 days:  8 
 8 days:  7 
 9 days:  8 
10 days:  6 
11 days:  4 
12 days:  3 
13 days:  2 
14 days:  1 
 
15 days:  1 
16 days:  0 
17 days:  1 
18 days:  1  
19 days:  0  
20 days:  0 
21 days:  1  
  
Note that the total number of events recorded with a duration of 15 days or more is 4. 
This is equal to the number recorded at the 15-day duration when that was imposed as the 
maximum event length. From the above figures it is clear that the use of a maximum 
event length within the TD will cause the count at that maximum duration to include the 
counts of all events that would last for longer durations. Since the TD is instructed to stop 
when it reaches the maximum duration it records all longer events at this point (15 days) 
and starts detecting a new event.  
 
The following example uses the same data as above but imposes a maximum event length 
of 10 days: 
 
 6 days: 10 
 7 days:  8 
 8 days:  7 
 9 days:  8 
10 days:  20 
 
Once again, events of the maximum duration receive a higher count than you would 
intuitively expect but it makes sense in light of the explanation above. The 10-day count 
is actually including capturing the 20 events lasting from 11 to 21 days in length. 
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4.1.6.2 An explanation of why the maximum of the average seasonal event 
counts may not equal the summed maxima of the average monthly 
counts (in the summary statistics outputs) 
 
The maximum and minimum values in the summary statistics are calculated from the 100 
average event counts (per-year) as explained in the section above. When viewing the 
summary statistics it is clear that the means for each season are the sums of the means for 
the months that make up that season. The annual value is the sum of the seasonal means. 
 
In the case of the maximum and minimum values the seasonal values are not equal to 
the sum of the monthly values that make up that season. This is due to the method used 
by the TD to calculate the summary statistics. The maximum and minimum values are 
calculated independently for each month, season and then annual values. The following 
example provides an explanation. 
 
If we looked at the TD outputs from 2 WG runs only (instead of 100) and examined the 
June, July, August and summer (JJA) average values the TD might record: 
 
 Run 1: June:  5 July: 5 August: 15 JJA: 25 
 Run 2: June: 15 July:  0 August: 3 JJA: 18 
 
When the summary statistics are calculated, each column is treated independently to 
produce the following results: 
 
 Max: June: 15 July: 5 August: 15 JJA: 25 
 
In this case, the sum of the June, July and August maxima is equal to 35 whereas the 
summer maximum is only 25. Because of the method used, it is expected that the 
seasonal or annual maximum will not equal the sum of the monthly maxima. 
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4.2 Visualising the outputs 
 
Having run the threshold detector it is now possible to gain a quick visual assessment of 
the changes in the future (and how these compare to the baseline period), by using the 
UKCP09 visualisation tool.  The visualisation tool can be used to plot changes in the 
counts of the particular event, it cannot be used to plot exceedence values.  To visualise 
the outputs follow these steps: 
 
1. From the jobs page of the User Interface, next to the job that you are interested in, 
click on the Visualise Threshold Detector Output link as illustrated in figure 20 
below: 
 
 
 
Figure 20.  Starting a visualisation of threshold detector outputs by clicking from the 
main Jobs page of the User Interface. 
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2. Having clicked this link you will be taken to the main Viewing and Modifying 
your output page as illustrated in figure 8.  By default the results will be displayed 
by season, but this can be changed along with various other display properties, 
using the various options available as illustrated in figure 21 below: 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 21.  The UKCP09 visualisation tool on the User Interface. 
 
 
Options here to change the 
location of the legend, colour 
mode, and font size 
Moving the mouse over the plot 
area will display the value of the 
count at that point 
Change the temporal 
average to display 
results by 
Save the plot in 
various image 
formats and 
resolutions 
To update the plot 
with any changes 
click  
Reload plot with 
current settings 
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3. The outputs that are plotted are the counts of the threshold event, and are 
visualised as box and whisker plots with the following statistics associated with 
the box and whiskers, as illustrated in figure 22. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 22.  Values indicated by the box-and-whisker 
levels and extremes markers on the summary statistics 
plots. 
 
 
 
4. It is possible to change the temporal average from the default position of seasons, 
to months, or months and annual, or seasons and annual. To do so click the 
temporal average drop-down box and select the desired option, then click the 
 button and the plot will be updated. 
5. To change the legend position, colour mode (from full colour to greyscale), or 
font-size, again use the appropriate drop down box, make your selection, and then 
click the  button, and the plot will update. 
6. To save the plot as a graphic that can be integrated with a report you may be 
writing, select the image format (.png, .jpeg, .pdf, .ps) and resolution (600 x 400, 
900 x 600, 1200 x 800) you would like from the drop down box shown in figure 
22, and then click the  button, and a dialogue box will open 
containing a link which you can click to download the graphic as a zip file.  This 
zip file will contain the following files in addition to the graphics file(s): 
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Table 2.  Files that are contained in the graphics .zip archive when an image format has 
been downloaded.  The .zip archive will also contain the graphics file(s) in the format 
requested. 
 
File Description 
copyright .txt This file contains the copyright declaration that relates to 
UKCP09 outputs. 
metadata.xml This file contains details of some of the request parameters, 
such as the conditions specified, duration, and data output 
format. 
source_td_job_metadata.xml This file contains details of the parameters that were used in 
defining the threshold event e.g. the data output format, 
threshold event investigated. 
source_wg_job_metadata.xml This file contains details of the parameters that were used in 
defining the original weather generator job used to run the 
threshold detector such as time period and emissions 
scenario. 
 
 
 
Figure 23 below provides an example of the graphical output that can be produced from 
the User Interface, and integrated into a report. 
 
 
 
 
 
Figure 23. Example graphical output from the threshold detector, in this case 
investigating possible changes in heating degree days in the 2080s, under a high 
emissions scenario, for a 5km grid cell in central England. 
 
 
